THE METABOLISM OF AMINO ACIDS AND CASEIN DIGEST IN PHLORHIZINIZED DOGS by Hawkins, W. B. et al.
THE  METABOLISM OF AMINO  ACIDS  AND  CASEIN  DIGEST  IN 
PHLORHIZINIZED DOGS 
BY W. B. HAWKINS, M.D., F. W. MeKEE, M.D., G. M. B. HAWLEY, M.D., 
Am) A. J. KUMMER,  M.D. 
(From the Department of Pathology, The  Universily of Rochester School of Medicine 
and Den2"zstry, Rochester, New York) 
(Received for publication,  January 29, 1947) 
Dog plasma given intravenously to a protein-fasting dog will maintain  the 
dog in weight and nitrogen equilibrium (6, 9, 20).  Plasma protein production 
and the maintenance  of nitrogen balance and of weight can be obtained by 
administration, orally or parenterally, of protein digests or a mixture of the ten 
amino acids (22) essential for growth.  Loewi in 1902 demonstrated that amino 
acids originating from the proteolysis of meat could maintain nitrogen balance 
even as protein itself (12).  However, parenteral nitrogen feeding in man was 
first successfully reported only eight years ago (8), and since then there have 
been additional  reports demonstrating that the ten amino acids essential for 
• growth are capable of supplying the necessary nitrogen requirements  of the 
body (1, 15, 18, 16).  Clinically, amino acid mixtures, orally or parenterally, have 
proved beneficial in caseswhere patients were unable to utilize solid food for one 
reason or another  (14).  Casein  digests have likewise  proved their worth  in 
supplying necessary nitrogen to the body (19). 
In view of the recent use of such mixtures of amino acids and protein digests, 
it appeared desirable to study their fate when given to pMorhizinized dogs.  By 
such a  procedure the relative efficiency of parenteral  or oral administration 
might possibly be determined.  The sugar-forming  capabilities of the various 
amino acids have been studied by this method  (3-5,  7,  13, 21, 23).  Janney 
reported that each protein produces a definite amount of glucosein the phlorhi- 
zinized  animal.  The various yieMs represent 50 to 80 per cent by weight of 
the protein fed.  These yields approximate  the ratio which the glycogenetic 
amino acids in each case bear to the total amino acids as determined by hydroly- 
sis.  He demonstrated that purified casein was metabolized with 48 per cent 
conversion of the protein into sugar (11). 
Plasma proteins, when given intravenously to phlorhizinized  dogs disappeared 
rapidly from the blood stream with no apparent increase in elimination of sugar 
or nitrogen in the urine.  The dogs showed definite evidence of conservation in 
the after periods.  However, if given by mouth extra sugar and nitrogen were 
excreted over basal levels indicating the results of digestion with formation of 
sugar from the amino acids.  This suggests an interesting method of protein ex- 
change within the body--not a complete protein catabolism as in digestion,  but 
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rather the passage of the plasma proteins without cleavage into the cells where 
modification to meet  the individual cell's requirements  takes place  (10). 
The casein digest utilized in these experiments is one that has proved effective 
in producing new plasma proteins in hypoproteinemic dogs  (19).  It is com- 
posed of polypeptides and  amino acids.  The  data  indicate that  the  phlorhi- 
zinized dog metabolizes such a  digest, given orally or parenterally, in the same 
manner.  Extra  sugar  and  nitrogen  are  formed  and  excreted  in  the  urine. 
In the oral feeding experiments the dogs converted 53 per cent of the digest 
into sugar and 54 per cent when the material was given intravenously. 
Similarly phlorhizinized dogs were  given a  mixture  of  four  sugar-forming 
amino acids--glycine  ,  alanine, methionine  , and glutamic acid--with resulting 
increased excretion of sugar and nitrogen.  In the oral experiments 88 per cent 
of the theoretical yield of sugar was recovered and 80 per cent when the acids 
were  given  intravenously.  Lower  recovery  in  the  parenteral  experiments 
probably is the result of a  greater loss of amino acids in the urine. 
It is apparent that the casein digests and mixtures of amino acids are me- 
tabolized in the same manner regardless of the route of administration.  This is 
confirmatory evidence of their usefulness to the body. 
Methods 
The following:procedure was followed as routine to insure phlorhizinization of the dogs:-- 
The animals were first fasted for 24 hours following which I gm. of phiorhizin, suspended in 
7 cc. of olive oil, was injected subcutaneously.  This dose was given daily throughout the 
experimental period.  Mter the dogs had received the phlorhizin and fasted for 3 days, the 
urine Collection was commenced.  The 24 hour sample of urine of the 4th day, in the majority 
of iustances, had a D:N ratio of below 4.0 indicating a complete phlorhizin glucosuria.  A 
basal  period  of 1 day was recorded, and then the dogs were given the test material.  Following 
the test day, the dogs were continued on phlorhizin and still in a fasting state for 2 or 3 days. 
The dogs were kept in galvanized iron metabolism cages with free access to water.  At the 
end; Of' each 24 hour period, the bladder was emptied by catheter and irrigated with water 
until the.return was clear and colorless.  Toluene (5 co.) was used in the collection bottle asa 
preservative. 
., All urine specimens were analyzed for total nitrogen, urea and ammonia nitrogen, and 
dextrose.  Blood sugar determinations were  not performed since previous studies always 
revealed low values dunng phlorhizunzation. 
• One cc. •samples of urine were analyzed in triplicate for total nitrogen, using the macro- 
Kjeldahl method.  Urinary urea and ammonia nitrogen were  determined by the urease 
method with aeration and titration, according to Van Slyke and Cullen.  The Slmffer and 
Hartmann copper titration method was followed in the quantitative determination of urinary 
dextrose. 
Amino acids in pure crystalline  form were supplied by Merck and Company, and the casein 
digeAt employed was prepared by Eli Lilly Company.  I  This digest is produced by a papain 
digestion of commercial casein and has a  nitrogen content of 12.5 per  cent--~n assumed 
L We are indebted to the Research Laboratories of Eli Lilly and Company for the casein 
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protein equivalence of 78.1 per  cent.  It  consists of  polypeptides and  some  free  amino 
acids. 
The phlorhizin was a purified preparation of Elmer and Amend.  Under sterile  conditions 
it was ground in a mortar with olive oi1--1 gm. of phlorhizin to each 7 cc. of olive oil as de- 
scribed by Coolen (2). 
The dogs were mongrels of approximately 11 to 15 kilos.  Between experiments they were 
fed a diet of hospital kitchen scraps for at least 4 to 5 weeks, during which period all lost 
weight was recovered. 
On the assumption that phlorhizin causes a complete glucosuria, the following method of 
calculation  was used to approximate the amount of extra sugar formed from the test substance. 
The quantity of nitrogen given in the amino acid mixture (2.56 gm.), or the  casein digest 
(0.125 gm. N per gin. digest) was subtracted from the total nitrogen excreted on the test day. 
The amount of nitrogen remaining multiplied by the average of the D:N ratios of the day 
before and the day after the test day gives the endogenous glucose, which deducted from the 
total glucose excreted on the experimental day gives the extra glucose formed from the amino 
acids or protein digest. 
EXPEI~.~I~TAL OBSERVATIONS 
In the first series of experiments the amino acids were given in  solution by 
stomach tube or mixed into a paste with amphojel or crisco. 
The mixture consisted of glycine, 1 gin.; alanine, 1.5 gm.; methionine, 2.5 gm.;  glutamic 
acid, 20 gm.; and sodium bicarbonate 12 gin.  The theoretical  return of sugar, derivable from 
25 gin. of the acids, on the basis of convertible carbons (glyeine 2, alanine 3, d/- methionine 3, 
and giutamic acid 3) is calculated to be 15.8 gin. and the nitrogen 2.56 gin.  The amino acids 
were fed in the morning and some difficulty  with vomiting was encountered.  The dogs were 
carefully watched and all vomitus was collected and returned by stomach tube, keeping any 
loss at a minimal figure.  (Since these experiments were done it has been demonstrated that 
glutamic acid is prone to cause vomiting (17).) 
Table 1 is illustrative of two experiments which are typical of all the feeding 
experiments. 
As described under methods, the basal day prior to the test day is actually 
the 3rd or 4th day of fasting and phlorhizin injection.  The weight of the dog 
given is that recorded on the 1st day of fasting.  Dog 39-257 was fed the amino 
acids mixed into a paste with amphojel and 2 tablespoonfuls of calcium carbon- 
ate.  The paste was fed by spoon and was retained for 4 hours before vomiting 
occurred.  The vomitus was returned by stomach tube.  Following the feeding 
there is an apparent increased elimination of sugar and nitrogen and slight in- 
crease in the amount of undetermined nitrogen in the urine of the test day.  The 
following days show  conservation by  the  dog with  both  sugar  and  nitrogen 
values below the prior basal day.  The amount of extra sugar formed from the 
amino acids is calculated to be  11.88  gm.  or  75.1  per cent of the theoretical 
amount of 15.8 gm.  Dog 40-330 was given the amino acids in solution, neutral- 
ized by sodium bicarbonate, by stomach  tube.  Vomiting occurred  in 1 hour, 
and the v0mitus was returned by tube and retained.  Again there is increased 
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Conservation in the after period is not as marked as in the first dog.  By cal- 
culation 12.82  gm. or  81.1  per cent  of  the  expected  sugar was  recovered  in 
the urine. 
TABLE  1  i 
Amino Acids by Mouth---Glydne, Alanine, Methionine, Glutamic Acid 
Dog 39-257 
Day 
Ba~l ................... 
Amino acids ............. 
Basal ................... 
Basal ................... 
Sugar 
28.56 
32.26 
Urine 
20.84 
20.14 
Total  I Urea and 
!  NH, 
nitr°gen  i  nitrogen 
gm.  !  gm. 
7.30  6.32  I 
8.12  6.67 
6.09  !. 5.04 
5.71  4.50 
Extra sugar 11.88 gin. 
Undeter-  [  Weight 
mined  D:N ratio 
nitrogen 
gin.  I  '~g'  0.93  3.91  13.4 
1.45  3.97 
1.05  3.42 
1.21  3.52  I  11.5 
Recovery 75.1 per cent 
Dog40-330 
Basal .................. 
Amino acids ............ 
Basal .................. 
Basal .................. 
27.65  7.58  6.74 
33.17  8.09  6.93 
24.18  6.49  5.72 
23.36  6.81  6.07 
Extra sugar  12.82grn. 
0.84  3.64  13.0 
1.16  4.09 
0.77  3.72 
0.74  3.43  9.5 
Recovery 81.1 per cent 
Results obtained when the same amino acids were given intravenously are 
shown in Table 2. 
The acids were dissolved with 12 gin. of sodium bicarbonate  in 400 cc. of distilled water and 
200 cc. portions were given at 9 a.m. and 2 p.m.  The flow of ttte solution was regulated  by 
using an infusion bottle with drip attachment and the time of administration was approxi- 
mately 1 hour.  Retching occurred toward the end of the hour on some occasions but only 
small amounts of mucus were brought up.  The dogs exhibited no other untoward symptoms. 
Increased elimination of sugar, nitrogen, and undetermined nitrogen in the 
urine of  the test day  is apparent.  Calculated extra sugar for dog 40-184 is 
11.62 gin. or 73.5 per cent recovery and for dog 39-257 is  13.83 gin.  or 87.5 
per cent of the theoretical yield. 
Summary Table 3  gives the amount of calculated extra sugar and the per- 
centage recovery in all of the experiments in which the sugar-forming amino 
acid mixture was fed parenterally and orally. 
The average of the oral trials is 14.04 gin. of calculated extra sugar or 88.8 
per cent recovery whereas in the intravenous experiments the average is 12.79 
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acids were metabolized in a  like manner regardless of  the  route of  adminis- 
tration.  A  l0 per cent variation is hardly significant.  Several of  the  dogs 
TABLE 2 
Amino Acids by Vein--Glycine, Alanine, Methionine, Glutamic Acid 
Dog 40-184 
Day 
Basal .................. 
Amino acids ............ 
Basal .................. 
Urine 
t  1  [  Urea and  Undeter- 
Sugar  n~  n  NHs  t.  be  nitrogen  mined  D:N ratio  nitr°ge..____~nl__  __ 
gm.  gm.  ]  gm.  gm. 
29.26  ]  7.72  6.82  0.90  3.78 
35.30  [  8.90  [  7.19  1.71  3.96 
23.74  [  6.42  I  5.56  I  0.86  I  3.69 
Weight 
kg. 
14.4 
13.7 
Extra sugar 11.62 gm.  Recovery 73.5 per cent 
Dog 39-257 
Basal ..................  .  28.94  8.44  7.13  1.31  3.42  11.6 
Amino acids ............  i  36.38  9.50  7.87  1.63  3.82 
Basal ....  ' ..............  24.99  8. I1  6.85  1.26  3.08  9.7 
[  Extra sugar 13.83 gin.  Recovery 87.5 per cent 
SUMMARY TABLE 3 
Amino acids by mouth  Amino acids by vein 
)og 39-257 
)og 39-257 
)og40-184 
)og 40-330 
)og 40-330 
)og 41-164 
Average. 
Extra  Recovery 
sugar 
gin.  per cent 
14.47  91.5 
11.88  75.1 
17.66  111.0 
11.25  70.5 
12.82  81.1 
16.20  102.0 
14.04  88.8 
Dog 39-257 
Dog 39-257 
Dog 40-184 
Dog 40-184 
Dog 40-330 
Dog 40-64 
Extra sugar  Recovery 
gin.  per cent 
13.83  87.5 
17.07  108.0 
13.27  83.9 
11.62  !  73.5 
10.10  !  63.9 
I 
10.90  68.9 
12.79  80.9 
were used in both types of experiments and a comparison of acid utilization can 
be made by scanning the table. 
Mter the type of reaction to the amino acid mixture was established, similarly 
phlorhizinized dogs were studied following the feeding of a  casein digest.  In 
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acid,  glutamic  acid,  arginine,  cystine,  and  methionine.  40  gm.  of  the digest 
were dissolved in 200 cc. of hot water and 100 cc. of the solution were given by 
stomach  tube at  9  a.m. and  the remainder at  2  p.m.  No vomiting  occurred. 
Table 4  illustrates two typical trials. 
TABLE 4 
Casein Digest by Mouth 
Dog 40-330 
Day 
Basal .................. 
Casein digest (40 gin.) .... 
Basal .................. 
Basal .................. 
Urine 
Total  Urea and  NI-Is  Sugar  nitrogen  nitrogen 
gm.  gm.  gm. 
36.23  11.14  8.28 
38.55  12.05  10.48 
29.49  8.80  7.60 
28.18  8.24  7.16 
Extra sugar 15.28 gin. 
Undeter-  I 
mined  I D:N ratio 
r!tto~en  .. 
g~tl. 
2.86  3.25 
1.57  [  3.19 
1.11  ~  3.35 
Weight 
1.08  3.42  9.2 
Per cent conversion 48.9 
kg. 
10.45 
Dog 41-375 
Basal ...................  29.87  9.31  7.96 
Casein digest (40gin.) ....  [  37.61  11.95  8.44 
Basal ...................  32.06  9.70  8.15 
Basal ...................  28.88  9.40  8.29 
Extra sugar 15.02 gin. 
1.35  3.20  13.18 
3.51  .  3.15 
1.55  3.30 
1.11  3.07  12.18 
Per cent conversion 48.1 
Calculated  extra  sugar  recovered amounted  to  15.28  and  15.02  gm.  re. 
spectively, or a  conversion of the digest into sugar of 48.9 and 48.1 per  cent 
40 gin. of the digest is equivalent to 31.2 gin. of protein.  Dog 40-330 shows 
more evidence of conservation of body protein as the result of the feeding, with 
very little increase of sugar and nitrogen excreted in  the urine over the prior 
basal day.  In the case of dog 41-375 there is a more marked increase of urinary 
sugar and nitrogen as well as in the amount of undetermined nitrogen on the 
test day. 
Several dogs were given  the  same  digest  intravenously.  The results are 
shown in Table 5. 
40 gin. were dissolved in 400 cc.  of hot water and filtered through a  Berkfeld filter with 
suction, to remove small traces of particulate matter.  200 cc. of the solution were given in 
the morning and the remainder in the early afternoon, using a drip bottle to regulate the flow. 
The intravenous inj  ection was carried out over a period of 1 to 1½ hours.  Towards the end of 
the injection period some of the dogs displayed some salivation with retching of small amounts 
of bile-stained mucus.  No other ill effects were noted and in some instances the dogs were 
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The extra sugar resulting from the digest amounted to 18.48 gm. and 19.04 
gin.  respectively, or  a  conversion  of  59.2  per  cent  and  61.0  per cent.  The 
TABLE 5 
Casein Digest by Vein 
Dog 40-330 
Day 
Basal ................... 
Casein digest  (40 gin.)... 
Basal .................. 
Urine 
T--1  Urea and  ]  Undeter-  ] 
Sugar  .ota  NHs  mined  D:N ratio 
__  mtroge_____~n  nitrogen] [  n  --  __ 
I 
'm"  I  "  I  g'"  I  ""  I 
33.93110.4219.01  ]  1.4113.25 
40.98  11.86  9.17  I  2.69  I  3.44 
25.28  I  7.57  I  6.50  ]  1.07  I  3.30 
Extra sugar 18.48 gm. 
Weight 
kg. 
10.32 
9.10 
Per cent conversion 59.2 
Dog 41-375 
Basal ...................  [  32.52  9.41  7.60 
Casein digest (40 g~.) .... I  39.15  10.64  7.87 
Basal ...................  I  28.45  7.73  6.18 
Basal ...................  30.46  8.40  6.84 
Extra sugar 19.04 gm. 
1.81  3.45  12.8 
2.77  3.62 
1.55  3.68 
1.56  3.62  10.92 
Per cent conversion 61.0 
SUMMA'RY TABLE 6 
Casein digest by month;  Casein digest by vein; 40 gin. 
40 gin. 
Dog 41-375 
Dog 40-330 
Dog 38-23 
Dog 40-40 
Dog 40-41 
Dog 42-842 
Dog 40-191 
Extra 
Average  ............... 
sugar  Conversion 
gm.  per cent 
15.02  48.1 
15.28  48.9 
19.38  62.1 
17.85  57.2 
16.66  53.4 
14.71  47.1 
17.31  55.4 
16.60  53.2 
Dog 41-375 
Dog 40-330 
Dog 38-23 
Dog 39-257 
Dog 39-92 
Dog 40-184 
Dog 39-92 
Extra sugar  Conversion 
&m.  per cent 
19.04  61.0 
18.48  59.2 
14,51  46.5 
18.61  59.6 
17.44  55.9 
16.06  51.4 
17.32  55.5 
17,35  55.6 
pattern  is very similar to  that  found  in  the  oral  experiments.  Increase in 
undetermined nitrogen indicates a  small loss of amino acids in the urine. 
Summary  Table  6  indicates the  calculated extra  sugar  and percentage  of 
conversion of the casein digest when given orally and parenterally. 
In the oral experiments there was an average of 16.60 gm. of extra sugar or 486  METABOLISM 01~ AMINO ACIDS  AND CASEIN DIGEST 
53.2 per cent conversion of the digest to sugar, as compared with 17.35 gin. of 
sugar or 55.6 per cent conversion in the intravenous experiments. 
Table 7 illustrates  an experiment in which 50  gin. of the digest were given 
orally on 3  successive days.  On all three  test days the dog eliminated  extra 
TABLE 7 
Casein Digest by Mouth 
Successive Days 
Dog 39-257 
Day 
Basal ....................... 
Casein digest (50 gm.) .... 
Casein digest (50 gin.) ......... 
Casein digest (50 gin.) ......... 
Basal ....................... 
Sugar 
gm. 
27.8~ 
42.6 
41.9, 
39.9 
26.4 
Urine 
Total 
nitro- 
gen 
7.39 
L1.58 
L1.40 
L1.88 
7.58 
Urea 
and 
nitro- 
ge.___~n __ 
6.64 
10.57 
10.51 
!1o.6o 
i 6.74 
Un- 
deter- 
mined 
nitro- 
gen 
gm, 
0.75 
1.01 
0.89 
1.28 
0.84 
D:N 
ratio 
3.77 
3.68 
3.68 
3.37 
3.48 
Veigh! 
kg. 
0.35 
9.85 
Extra 
sugar 
g~. 
23.2t 
23.2(~ 
19.5~ 
Con- 
version 
per 6eng 
59.7 
59.7 
50.0 
TABLE 8 
Casein Digest  by  Vein 
Successive Days 
Dog 40-184 
Day 
~asal. 
;asein digest(40gm.) 
:aseindigest (40gm.) 
2aseindigest(40gm.) 
~aseindigest  (40gm.) 
Sugar 
42.53 
49.88 
35.73 
34.6C 
35.9C 
Urine 
i 
Total 
nitro- 
gen 
g~ 
i11.66 
13.55 
11.55 
11.46 
10.06 
Urea 
and 
NHs 
nitro- 
gen 
gm. 
10.43 
10.92 
9.34 
9.10 
9.21 
Uu- 
det*r- 
mined 
nitro- 
gen 
gm. 
1.23 
2.63 
2.21 
2.36 
0.85 
D:N 
ratio 
3.64 
3.68 
3.09 
3.02 
3.57 
Weight 
kg. 
13.2 
12.2 
Extra 
sugar 
g~. 
18.7~ 
11.89 
11.09 
17.48 
Con- 
version 
per cent 
60.0 
38.1 
35.6 
56.0 
sugar and nitrogen  with prompt return  to  the prior basal  levels on the  sub- 
sequent  day.  Undetermined  nitrogen  shows  little  elevation.  Calculated 
extra sugar indicates a  conversion of the digest into sugar of 59.7, 59.7, and 50 
per cent with an average for the 3 days of 56.5 per cent. 
The data obtained following the intravenous injection of 40 gm. of the digest 
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As in previous experiments  200 cc. of the solution were given in the morning 
and in the afternoon.  In calculating the extra sugar formed, the D: N ratio of 
3.64 of the basal day was used in the formula.  On the first test day excess 
sugar and nitrogen were excreted over the basal day levels but on the last 3 
days sugar and nitrogen were below the basal level.  Undetermined nitrogen 
was increased except on the last day.  The digest was not as well utilized on the 
middle days judging from the percentage of conversion.  The average con- 
version for the 4 days is 47.3 per cent which is less than 56.5 per cent as de- 
termined in the feedin~ experiment. 
DISCUSSION 
Experimental and clinical  experience  has demonstrated clearly  that suitable 
protein  digests and  mixtures  of  pure  amino  acids are  beneficial on 
occasion inasmuch as they can supply the necessary nitrogen requirements of 
the body.  The data obtained from the above experiments  add supportive 
evidence since they show that the dogs metabolize  the amino acids with 
resulting new sugar formation.  There is little  difference in the end-result 
whether the materials are given orally or parenterally. 
In the experiments  with the mixture of the four sugar-forming amino acids 
the theoretical yield of 15.8 gm. of sugar was not recovered.  Some acids may 
have been excreted as such, since the undetermined nitrogen in the urine did 
increase on the feeding day.  The vomiting, probably caused by the glutamic 
acid, may have disturbed the dogs slightly.  However, a recovery of 81 and 89 
per cent of the theoretical yield definitely indicates  that  the expected  sugar 
was being formed from the amino acids. 
The average conversion of 53 and 56 per cent of the orally and intravenously 
administered casein digest is quite comparable with the 48 per cent conversion 
of purified casein reported by Janney. 
Plasma proteins,  intravenously, result in the conservation of body materials, 
and no excess sugar and nitrogen are excreted  in the urine (10).  Orally ad- 
ministered plasma proteins,  amino acid mixtures,  and casein digests,  either 
orally or parenterally, are metabolized  with actual excess sugar and nitrogen 
appearing in the urine.  They too cause  some conservation  but it is not as 
marked as that found in the intravenous plasma experiments.  This suggests 
that the natural plasma protein is readily available  to the body with no need 
for it to be broken down into the amino acid components before being utilized 
by the body tissues  or cells.  Possibly  the plasma protein within body cells 
is  only partially catabolized  to  large  aggregates  of polypeptides and  then 
rebuilt to suit the cell requirements. 
Perhaps it is justifiable  to suggest  that native plasma protein is superior, 
in an emergency, to amino acids or casein digests since the former is immediately 
available without any work on the part of the organism.  However,  all the 488  METABOLISM  OF AMINO ACIDS AND CASEIN DIGEST 
experimental  work  indicates  that  plasma  proteins,  mixtures  of amino  acids, 
and  casein  digest,  given orally or parenterally,  are capable of furnishing  the 
necessary nitrogen  needed by the body for protein building and repair. 
CONCLUSIONS 
When  solutions  of  sugar-forming  amino  acids  are  given  parenterally  or 
orally to phlorhizinizcd dogs, extra sugar and nitrogen are excreted in the urine. 
The route of administration  does not influence the way in which the amino 
acids aremetabolized.  89 percent of theexpected sugarwas recovered when the 
acids were fed and 81 per cent when the acids were administered parenterally. 
Casein  digests  are metabolized like  the  amino  acids  with  extra  sugar and 
nitrogen excreted in the urine. 
When casein digest is given orally there is an average conversion into  sugar 
of 53 per cent, as compared with 56 per cent intravenously. 
Solutions of amino acids or casein digests are readily available sources to the 
body of nitrogen and carbohydrate. 
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